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FORESTRY

COMPARISON OF COMMUNITY STRUCTURE AND COMPOSITION.
RADIATION TRANSMISSION, AND ORGANIC STREAM INPUTS IN OLDGROWTH AND SECOND-GROWTH RIPARIAN SYSTEMS OF SOUTHEAST
ALASKA
CHAIRPERSON: PAUL ALABACK
Comparisons of old-growth and second-growth are essential for setting
ecologically meaningful restoration goals in riparian systems. Coastal Alaska is
one of the few remaining bioregions of northern temperate rainforest where such
comparisons can be made without having to consider a complex history of
himian disturbance. I quantified characteristics between (1) four old-growth
stands and (2) four, 20-30 year post-logging, second-growth stands of varying
conifer and deciduous canopy dominance. I estimated; overstory size dass
distribution, shrub and herbaceous commvmities, understory plant architecture,
radiation attenuation through canopy layers, and potential ^ochthonous input,
as functions of canopy composition (old-growth, Tsuga heteraphylla/Picea
sitchensis dominated, mixed forest, and Alnus rubra dominated second-growth).
Size dass distribution in old-growth was characterized by fewer small and
intermediate sized trees, more large sized trees, and a more even distribution
among size dasses and spedes presence than second-growth. The greatest plant
cover of bryophytes, herbaceous spedes, and shrubs occurred in old-growth.
Within second-growth, conifer dominated stands had the highest bryophyte
cover and lowest herbaceous cover, while Alnus dominated stands had the
lowest bryophyte cover, and the highest shrub and herbaceous cover. Mixed
forest stands tended to fall between the two. In old-growth, shrub architecture,
the percent volume of shrubs per strata, was greater and more evenly distributed
than second-growth. Radiation attenuation through canopy layers was higher in
old-growth. Conifer dominated and mixed forest second-growth exhibited
greater canopy gaps than Alnus stands. Potential allochthonous inputs from
overhanging vegetation was highest in old-growth and consisted of a more even
ratio among conifer, shrub, and Alnus overhang. Percent radiation transmittance
to the stream, a factor in autochthonous productivity, was greatest in old-growth.
The high density of intermediate size trees in all second-growth stands,
regardless of canopy composition, results in a less developed understoiy, fewer
canopy gaps, less light attenuation, and organic stream inputs which consist
primarily of Alnus. The consequences of these dramatic changes in composition
and structure of riparian vegetation on stream function and biodiversity have yet
to be determined. The uniqueness and attributes of old-growth systems should
be the guidelines by which we determine second-growth restoration strategies.
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INTRODUCTION
Riparian zones, defined as the interface between terrestrial and aquatic
ecosystems (Gregory et al. 1991), have long been recognized as a vital component
to the fimctiordng of stream systems. The actual delineation of riparian zones
have historically been based on numerous factors ranging from hydrological, to
topographical, vegetative, or soil criteria (Karr and Schlosser 1978, Swanson et al.
1982, Gregory et al. 1991). With the range of freshwater based ecosystems, it is
tmlikely, and perhaps unnecessary, to provide a rigid definition of riparian
boundaries. They are the zone of terrestrial influence to water bodies, extending
across the floodplain and upland terrace and up to the vegetative canopy
(Meehan et al. 1977, Swanson et al. 1982, Gregory et al. 1991); invariably differing
from region to region and system to system.
Riparian corridors, aside from the numerous functions they provide to
streams, have also been found to support a higher density and diversity of
species than many upland areas (Thomas et al. 1979, Pollock 1995). Riparian
vegetation provides fish and wildlife habitat, filters sediment, builds and restores
streambanks, prevents large water temperature fluctuations, dissipates stream
energy, and recharges the aquifer (Hansen et al. 1995, Cummins 1974). The
composition of riparian plant communities reflects disturbance history; either
natural or anthropogenic, but can vary within small areas as a factor of
topography and/or soil properties (Gregory et al. 1991). Therefore, it follows
that our anthropogenic influences will affect all of the above mentioned functions
of a riparian system as a result of vegetation alteration. Yet in most regions, the
riparian systems are generally the first and most severely altered by logging and
other human influences.
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Human disturbance has been intense in northern temperate rainforest
riparian areas and has made it difficult to imderstand the natural complexities of
riparian fimctions. There is a great need for old-growth riparian sites to act as
controls to disturbed sites for imderstanding the ecological effects of disturbance.
Southeast Alaska (SEAK) is an ideal environment to document riparian
characteristics of high latitude temperate rainforests. In contrast to the managed
and fragmented systems of the Pacific Northwest, the forests of SEAK represent
relatively intact, low disturbance, and climatically stable ecosystems. Because of
the remoteness, relatively recent logging industry, and low population density.
Southeast Alaska is one of the few places where old-growth still exists in riparian
zones. Thus, it is acts as a control site in determining riparian successional
patterns and disturbance effects.

OBJECTIVES
This study is designed to determine the effects of disturbance and canopy
composition on imderstory diversity, ecosystem architecture, microclimate, and
allochthonous stream inputs within riparian zones. The data from this research
will also be used to supplement research by the Forestry Sciences Lab, Jvmeau
AK, of fish stomach contents and terrestrial invertebrate stream input. This
study will be part of a newer ecosystem and interdisciplinary management
approach to the Tongass National Forest. Questions in Southeast Alaska will
soon arise, just as they have in Oregon and Washington coastal areas, as to the
best way to manage dear-cut riparian systems and whether or not 'stream
habitat improvemenf and/or restoration projects shovdd be applied to riparian
vegetation (Kaczynski 1997).
To meet the objectives of this study, four old growth and four secondgrowth riparian systems and their vegetative characteristics were quantitatively
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Studied. Specific variables to consider between Tsuga heterophylla (Western
hemlock)/ Picea sitchensis (Sitka spruce) dominated second-growth, Alnus rubra
(Red alder) dominated second-growth, mixed forest second-growth, and oldgrowth were;
1. Overstory size class distribution
2. Cover values of bryophytes, herbaceous plants, shrubs, Alnus, Tsuga,
Picea, and Thuja p/icflto(Westem redcedar)

3. Vertical structure, or plant architecture, of xmderstory shrub species
4. Biodiversity
5. Amount of solar radiation that penetrates the canopy, reaches the
groimd, and reaches the stream
6. Potential allochthonous input from overhanging vegetation

RESEARCH QUESTION JUSTIFICATION
Research in Southeast Alaska has shown that logging along riparian areas
influences bank stability, bank imdercuts, pool volimie and periphyton
composition, sediment deposition, water temperature, streamflow, water
chemistry, and large woody debris composition (Meehan 1974; Murphy et al.
1986). Most of these components, which are critical to stream functions, are
directly or indirectly a result of riparian vegetation.
Shrub and overstory communities provide shade and bank stability.
Conifer abimdance, being a longer lasting form of debris, is a critical factor for instream habitat structures (Minore and Weatherly 1994). The nitrogen content of
litter beneath Alnus rubra (Red alder) dominated sites can be from 1.5 to 3 times
higher than that of conifer dominated sites; leading to more nitrogen in the soil
and more potential nitrogen leaching into streamwater (Bilby 1997). Riparian
vegetation is also the most important factor in retaining organic matter and
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storing sediment during high flow events, providing nutrient input to the stream
and germination sites for regeneration (Bilby 1997).
The composition of riparian communities also greatly affects in-stream
production. Both canopy and imderstory riparian vegetation provide essential
allochthonous input to streams, the latter often being of a higher nutrient quality.
Alterations in this nutrient input will affect the stream energy balance,
invertebrate densities, and salmonid production (Dvincan et al. 1989; Alaback
and Tappeinner, unpublished). Litter input (composition and abundance) can be
a critical food source for aquatic invertebrate commimities. In addition, the
influence of riparian plant communities on the input of terrestrial invertebrates
into streams has been recognized as an important factor of allochthonous input
(both as prey for predators and nutrient matter) (Wipfli 1997). It has been
established that tree species and forest successional stage both strongly affect
invertebrate densities (Southwood 1961; Mispangel and Rose 1978; Mason and
Macdonald 1982; Wipfli 1997).
Fish commuruties are also affected by the alteration of riparian zones
through the following factors: decrease in spatial heterogeneity of the terrestrial
habitat, shift in interactions between trophic levels, increase in the instability of
the physical and chemical environment, and decrease in available refugia
(Schlosser 1991). The importance of large woody debris has been repeatedly
proven a critical component of adequate salmonid habitat in Southeast Alaska
(Murphy et al. 1986; Gibbons et al. 1987). Buffer strips in the riparian zone can
lead to an increased recruitment of salmonid fry and higher sustained survival
through the winter through the replacement of large woody debris creating
critical pool habitat and allowing increased primary and secondary production
(Murphy et al. 1986).
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Timber harvesting has created a new disturbance regime in Southeast
Alaska. Harvested riparian sites on Prince of Wales Island are now reaching
between 20-40 years old. They are in mid-stage succession, assuming riparian
systems follow the succession framework proposed by Alaback (1982), in which
upland forests of Southeast Alaska require 100-150 years to return to a multiaged old-growth forest.
Relatively little is known regarding the effects that mid-stage secondgrowth riparian communities have on stream ecosystems in Southeast Alaska.
More extensive riparian analyses have been conducted in the Pacific Northwest.
For example, in western Washington, Bilby and Bisson (1992) found terrestrial
litter input to be higher throughout the year in old-growth than second-growth;
and with a greater diversity of litter sources, such as leaves, needles, wood, and
the organic mat. In contrast, litter input from second growth corresponded with
leaf fall and was composed primarily of leaf litter.
Sedell and Swanson (1984) created a tiieoretical framework for riparian
succession in the temperate rainforest, coastal ecosystem of Oregon.
1. Clear-cut (complete canopy opening) resulting in an increase in light,
primary productivity, and salmonid biomass.
2. Short lived open canopy conditions, <20 years.
3. Alder/willow tliicket forms, shading the stream, decreasing primary
productivity, and increasing high quality deciduous litter as a food source. Biota
is still at a relatively high productivity rate.
4. Coniferous canopy shades out willow and alder and shrub species.
Increase in the proportion of coniferous litter versus deciduous litter results in a
decline of food quality and lower production.
5. As tree mortality occurs and a more complex stand structure, there will
again be more deciduous input and sim-flecks.
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We recognize the importance of tree canopy in the functions of
photosynthesis, light absorption, fertilization, shading, tmdergrowth
modification, nutrient cycling, and hydrologic interactions (Shaw and Bible
1996). In upland old-growth systems in Southeast Alaska, imderstory conditions
were foimd to be more a factor of overstoiy than of stand history or geographic
gradients (Alaback and Juday 1989). Twenty five years after clear-cutting,
understory production will continue to diminish for 150-200 years when the
herbaceous plants and shrubs will begin to re-establish (Alaback 1982). A similar
study has not been conducted to understand these patterns in riparian systems.
Franklin and Pechanec (1967) found marked differences in the understory
of varying canopy species in upland systems of coastal Oregon. Shrub species
were confined to pure alder stands, herbaceous plants were most abimdant in
alder and mixed alder/ conifer stands, and cryptogams were most abundant in
mixed alder/conifer stands and pure conifer stands.
Red alder is considered a competitor with conifer species in the Pacific
Northwest ecosystem. Initially it grows rapidly on distvirbed riparian sites in an
open light environment (Haeussler and Coates 1986). Salmonberry is said to
respond positively to distxirbance and an increase in light levels (Tappenier et al
1991).
In general, land use activities, such as deforestation, reduce allochthonous
energy transfers and increase autochthonous energy production. This shift in
energy production has particularly important effects on aquatic life in small
headwater streams because seasonally distributed organic input shifts from
autumn litter fall to spring and summer primary production (Gregory et al 1991;
Schlosser 1991).
Nxmierous studies have quantified the fact that terrestrial invertebrates
^e a substantial portion of fish diet and allochthonous input; they are a ftmction
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of overhanging vegetation, including trees, shrubs and ferns (Cadwallader et al
1980; Mason and MacDonald 1982; Cada et al. 1987; Southwood 1961; Wipfli
1997).
Wipfli (1997) found that Alnus dominated second-growth contributed a
great terrestrial invertebrate prey base to fish in Southeast Alaska. However, he
also recognized the presence of less diverse understories in 25-140 year old
conifer dominated second-growth (Franklin and Pechanec 1968; Alaback 1982).
The importance of light on herbaceous vegetation was recognized as early
as 1945. Shirley (1945) foimd that imderstory vegetation developed poorly in
less than 4% of full simlight. If there are no other limiting factors, photosynthesis
is directly proportional to an increase in light from 1-15%. Canham et al. (1994)
foimd old-growth Douglas Fir-hemlock sites to have significantiy higher
photosynthetic active radiation (PAR) transmission aroimd canopy gaps than
beneath closed canopy in the Cascade Moimtains of Oregon. They fvirther
concluded that the major factor in gap light regimes is the ratio of canopy height
to gap radius. Brown and Parker (1994) concluded that PAR transmission is not
a simple fimction of successional age but rather of three dimensional, stand-wide
vertical structure. However, other studies foimd that light extinction coefficient
was positively correlated with shade tolerance and successional status of the
species (Canham et. al. 1994, Horn 1971, and Connell and Slatyer 1977).
Anderson et al. (1969) found a positive correlation between percent open canopy,
understory cover and light (measured in foot candle hours) penetration. Thus
across a broad range of canopy coverage, as coverage opens up, light intensity
and understory cover increases.
In a light limiting environment, in-stream primary productivity is often a
fimction of solar (photosynthetic active radiation) penetration. The available
light to the stream can be affected by: overstory density, height, and composition;
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understory density and composition; angle of the sun; and climactic factors.
Bilby and Bisson (1992) foimd the potential for autochthonous production
(primary productivity) to be twice as great in second-growth than in old growth
streams due to a greater light availability in second-growth sites.

RESEARCH HISTORY ON PRINCE OF WALES ISLAND
Until the late 1940's logging practices in Southeast Alaska existed
primarily for subsistence use. Native Haida and Hingit Indians used forest
resources for home and sea craft building materials. Russian settlement brought
the beginnings of the commercialization of timber, however, harvesting
remained localized (Harris et al, 1974).
In the early part of the 20th century, as timber industries were gaining
groxmd and expanding in the Pacific Northwest, Alaska remained relatively
imtouched. Lack of a reliable and financially supportive federal administration,
combined with the high cost of gaining access to these remote areas, inhibited
timber industry growth (Harris et al. 1974).
A pivotal point in the Southeast Alaska timber industry was the successful
completion of the Ketchikan Pulp Mill in 1954 and a fifty-year timber sale
contract of 8.25 million board feet. Prior to this, the fishing industry, specifically
salmon canneries, were expanding rapidly. However, a downward trend in the
salmon catch, coinciding with the increase in timber harvesting, caused a great
deal of concern to the U.S. Fish and Wildlife Service. Thus, as logging began on
Prince of Wales Island in 1953, fisheries researchers began attempts to quantify
the effects of the logging on commercially valuable salmon species (Gibbons et
al. 1987).
Research efforts were originally focused on the spawning success of pink
and chum salmon in logged streams; addressing such questions as the mortality
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of embryos and the quality of spawning beds. Researchers, believing that many
streams on Prince of Wales Island were not suitable spawning sites, and not
wanting to deny logging companies access to high quality timber adjacent to
streambeds, numerous riparian areas were dear-cut. Research to determine the
effects of logging on spawning sites was virtually inconclusive and most of the
Forest Service's monitoring projects were terminated (Gibbons et al. 1987).
Studies moved toward an array of studies including, the effects of canopy
removal on stream temperature, sedimentation rates, streamflow, stream habitat
(the number of deep pools and riffles), water quality, and the use of forest
chemicals (DDT and 2,4-D) and fertilizers (Gibbons et al. 1987).
Harvesting levels reached imprecedented heights in the mid 1970's of 580
million board feet, a ten fold increase from harvest levels in the early 1950's.
Research objectives now began to look at the rearing habitats for coho and Dolly
Varden parr within these streams, as opposed to adequate spawning habitat
(Gibbons et al. 1987). Finally the health of riparian zones began to be recognized.
In the mid 1980's the use of buffer strips in riparian areas was
implemented as a management practice. Research is now primarily focused on
salmonid rearing habitat including, winter habitat requirements, food abxmdance
(Koski and Kirchhofer 1984) and most recently habitat restoration. The
importance of the terrestrial component and the changes that occur post-logging
to riparian systems are factors that this research is attempting to address.
Although research has continually taken place on Prince of Wales Island, the
riparian zone has been relatively overlooked and as Minshall (1988) explains,
because of the dynamic nature of streams, the effects of time on stream
ecosystems are critical. Conclusions taken from studies at one point in time may
not apply to current conditions and may lead to erroneous conclusions as to the
health and status of the stream system.
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METHODS
STUDY AREA
Southeast Alaska (SEAK) is the area of Alaska east of the 141st meridian; a
long coastal strip of land, comprised of hundreds of small islands, and extending
650 km. Its 9.7 million hectares constitute only 5% of Alaska's landmass. Only
4.5 million of these hectares are forested, and 2.4 hectares are commercially
harvestable (Koski 1984).
The Tongass National Forest lies within Southeast Alaska and in fact
comprises 77% of the region (CClair et al. 1992). It forms part of the contiguous
coastal temperate rainforest ecosystem, extending from northern California to the
south central Alaskan peninsxila (Alaback 1995, Waring and Franklin 1979). The
Tongass National Forest is the world's largest temperate rainforest, stretching
over 1600km from Vancouver Island to Prince William Soimd (Alaback 1995).
The area is predominately low elevation forest influenced by a cool maritime
climate. Historically, the disturbance regime in this area has been relatively
infrequent; with an absence of natural fires, large areas remained imdisturbed for
long periods of time (Harris and Fair 1974). Windfall and age related tree
mortality played an essential role in forest regeneration and gap dynamics.
Thus, it is wind and the almost constant moisture presence that has formed these
forests into a imique ecosystem (Alaback 1995).
Most of the Tongass is not suitable for large timber growth; only 4% of the
land area is high timber value. It is the riparian areas of the Tongass that produce
some of the largest timber in the forest. A combination of adequate drainage and
nutrient rich soils restdts in massive trees that can reach over half a millennium
in age (Alaback 1995).
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Prince of Wales Island (POW), the third largest island in the United States,
lies entirely within the Tongass National Forest (Figure 1). The mainland and
adjacent islands total 4,456 km2, with over 1592 km of coastline (Harris et al.
1974). The island is between 56-15' and 55-40' North latitude and 132~10' and
133-50' West longitude (USDA1994). It is within the perhumid coastal
temperate rainforest region with a cool, moist, maritime climate prevailing
throughout the year (Alaback 1995). Sxmmiers are cool, temperatures ranging
from 7 to 21°C; winters are mild, temperatures ranging from 0 to 6°C (USDA
1994). Long hours of daylight in the summer, short daylight hours in the winter,
general cloudiness throughout (43 days of dear skies per year), and the
moderating influence of open water currents, results in a stable climate with little
daily or seasonal temperature fluctuation (Harris et al. 1974). Precipitation varies
within the island from 152 to 508 cm per year; much of which occurs in the fall
(USDA 1994). Unlike seasonal temperate rainforests of the Pacific Northwest, the
perhumid temperate rainforests of Southeast Alaska do not have a summer
drought season; it is perpetually wet.
Due to the recent glacial activity in the area, soils are young, between 015,000 years old. There are a variety of soil types, most were formed from
ablation till, some are shallow and compact while others have formed a thick
organic mat (Harris et al. 1974). Without a steady disturbance regime, the most
productive sites are those that have had recently rejuvenated soils (500-1000
years ago). These would be areas such as flooded riparian sites or windthrow
induced gaps.
All study sites included in this research are located in the central portion
of Prince of Wales Island. Six of the study sites, Fubar, Trocadero, Pass, Upper
Maybeso, Natzahini, and Upper Beaver Creek are located within the Craig
Ranger District and two. Three tenths and Tye Creek, are located in the Thome
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Bay Ranger District The study reaches at Fubar, Trocadero, Pass, and Threetenths Creek run through old growth forest; where as, the study reaches at
Upper Maybeso, Natzahini, Upper Beaver, and Tye Creek were tractor logged
between 20 and 40 years ago.
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STREAM SITE SELECTION
As part of a larger riparian restoration research project funded through
the Pacific Northwest Research Station and Forestry Sciences Lab, Juneau,
Alaska, spearheaded by Dr. Mark Wipfli and Dr. David Allen, 12 streams were
selected throughout Prince of Wales Island. Six were selected to represent oldgrowth (without unnatural distvirbance). Six were selected to represent a range
of conifer to alder dominated second-growth, all of which are recovering from
tractor logging, a practice that was widely used 20-30 years ago. The majority of
selected sites are concentrated within the central portion of the island and all but
one (Old Tom Creek) are accessible by road.
In determining the effects of a specific disturbance, clear-cut logging in
this case, it is necessary to minimize effects of between site variation due to
abiotic and biotic factors such as species composition, climatic, geological, and
hydrological factors (Resh et al. 1988). However, despite the effort to control for
variation between sites, there is undoubtedly a significant amount of variability
such as, exact year and season when harvesting occurred and soil type. All sites
share the following commonalties: elevation of <200 ft, low gradient, small to
mid size stream width (<10m), poptilations of rearing anadromous fish species
(Coho salmon and Dolly Varden parr), a sufficient stretch of stream separated
from present human distxirbance such as well used trails or roads, and "easily"
accessible by road or foot (or plane, in the case of Old Tom). Along each stream,
a reach was selected within which all analysis, including terrestrial vegetation,
fish stomach contents and terrestrial insect community composition, would take
place. The selected reach was a sufficient distance from other disturbance and
varied in length to encompass a specified number of pools supporting fish. Due
to time and cost restraints, I analyzed the riparian vegetation of 8 of the 12
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previously described study sites. Four of these are old growth and four are a
range of alder and conifer dominated second-growth. Data collection ran from
early Jtme to late August 1997, during throughout which the plants were in
complete "leaf-out" or coverage.

VEGETATION SAMPLING
Percent cover was collected in each of four vegetation layers, bryophyte,
herbaceous, shrub, and tree layer. Plants included in the tree layer consisted of
single stemmed woody plants, greater than 10m tall when mature. Plants
included in the shrub layer consisted of multi-stemmed woody plants, which are
less than 10m tall when mature (Pojar and Maddnnon 1994). Plants in the
herbaceous layer were those other than shrubs, generally less than 0.5m,
including forbs, ferns, grasses, and sub-shrubs. Finally, all clubmosses,
liverworts, peat mosses, and true mosses were lumped into a single bryophyte
category. To ensure consistent measurements, I conducted all field estimations.
Five transects were placed at approximately equal distances within the
stream reach (Figure 2). To ensure a perpendicular riparian profile I required a
straight stretch of stream 5m up and downstream from the transect location. I
followed a compass bearing perpendicular to the stream and each transect
stretched 15m on either side of the bank full mark of the stream bed (see Figure
2). All vegetation and light measurements were taken along these transects.
The line intercept method was used to determine the percent cover and
percent dominance of tree and shrub species. This method has been determined
to be a more accurate and efficient cover estimator than quadrat sampling and
most effective for open growing, woody vegetation (Bonham 1989). A 50m tape
was stretched taut along the 30m transect length (plus stream width) at
approximately Im above the forest floor. The points at which each shrub sppfjps
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crossed the projected vertical plane of the transect tape, were recorded and the
distance between those points was caloilated. To counter the inaccuracy that
sometimes occurs for tree crowns over 15m tall, I used a PVC pipe as a sighting
instrument to help project the crown of the tree onto the transect tape. I would
also look up through the hollow PVC pipe from the groimd level to accurately
decide where it transected the tape. All vegetation that was overhanging the
stream was also noted by species and distance.
I measured the herbaceous layer using 20 x 50cm plots along a 1.5m
interval along the transect (11 plots for each 15m transect on each side of the
stream). Percent cover was estimated for each species within each plot using the
Daubenmire cover classification system. Value ranges were translated into a
midpoint cover value for analysis (Daubenmire 1959).
Cover class
1
2
3
4
5
6

cover value range
2-5%
5 - 25%
25 - 50%
50 - 75%
75 - 95%
95 -100%

midpoint cover value
3.0%
15.0%
37.5%
62.5%
85.0%
97.5%

I considered shrub architecture to be one aspect of habitat and habitat
diversity. I estimated the volume of each shrub species within a 3 dimensional
unit of Im x Im x 50cm. Volume was estimated using the Daubenmire cover
classification system in a 3 dimensional unit (Zamora 1981). A lm2 surface area
plot was placed every 3m along the transect, giving a total of 6 plots per 15m
transect. The volume of each shrub species was ocuUarly estimated in 50cm
intervals up to 2m (0-50cm, 50-100cm, 100-150cm, 150-200cm). Rarely did the
shrubs grow above the height of 2m, however, in those cases another 50cm
interval was added.

Overstory tree density, defined by Bonham as "the number of individuals
in a given unit of area", has shown to be critical in the composition and structure
of imderstory vegetation. Density and size of the overstory tree species gives a
"snapshot" as to the age structure of the stand. It is also important to understand
the correlation between overstory density and canopy density, which has effects
on the growth and productivity of imderstory plants, the temperature of the
forest floor and soil, and the hydrologic cycle (Shaw and Bible 1996). To estimate
overstory density, I used a belt transect (or strip quadrat) of 2.5m on either side
of the established transect. Within this 5m belt, all tree species and their
diameter at breast height (DBH) were recorded, along with their position along
the transect to the nearest half meter.
A total of 60, lm2 plots and 110,20x50cm plots were measured in each
riparian site.
Potential allochthonous stream inputs from overhanging vegetation was
measvired as a ratio of the distance the vegetation extended over the stream to
the wetted width of the stream.

PHOTOSYNTHEnC ACTIVE RADIATION MEASUREMENT

Alaback (1988) found that measurements of percent radiation
transmission on overcast days provided better estimates of imderstory vegetative
growth and composition than canopy cover measurements by densiometer or
photos. It has also been shown that the most shade tolerant tree species cast the
deepest shade, while more successional species allow greater light penetration
through the canopy (Canham et al. 1994; Horn 1971). To test this hypothesis in
the temperate rainforest of SEA, and to find a method of correlating canopy
density, imderstory vegetation density and light transmission, I measured the
photosynthetic active radiation (PAR) at 1.5m intervals along all established
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transects. Because radiation measurements in coastal Alaska were found to be
most stable on imiformly doudy days between the hours of 9:00 and 15:00, light
data was collected only imder those conditions (Alaback 1995).
A Li-Cor reference radiometer was set up dose the sampling area with a
relatively clear south fadng aspect to measure PAR in the open throughout the
day. Light readings were taken every 10 seconds and the mean was recorded by
the datalogger for each minute. Forest Li-Cor radiometer readings were taken at
groimd level and at 2m above the groimd (shrub height level) in intervals of
1.5m. To correspond with vertical structure data and to attempt to correlate
shrub volume with light transmission, PAR readings were taken at 0 and 200 cm
off the grovmd and in intervals of 3m along the transect. Light readings were
also taken at the stream level and 200cm above the stream every 1.5m across the
stream to gauge canopy overhang. The collected radiation data was entered
directly in a Husky Hunter field computer, recording the exact time the reading
was taken. The data collected from the reference and forest radiometer were
then compared to determine the percent light transmission through the forest.

Figure 2: Sampling Design
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In summary, the following factors were recorded within each riparian site:
Herbaceous cover by species
Total herbaceous cover
Total biyophyte cover
Shrub cover by species
Total shrub cover
Overstory cover by species
Diameter size class distribution by species
Vertical structure (plant architecture) by shrub species
Total shrub vertical structure
Percent light transmission through the canopy
Percent light transmission at the ground level
Percent light transmission to the stream

DATA ANALYSIS
To decipher differences in vegetation composition, shrub architecture and
radiation intensity imder different canopy types, I categorized second-growth
stands into three classes. I broke each 15m transect into 5m sections. I then
determined the relative percent cover for conifer and alder tree species for each
section.
Stand classification
conifer second-growth
mixed species second-growth
alder second-growth
old-growth

Canopy composition
conifer >75% and alder<25%
conifer >25% and alder>25%
conifer<25% and alder >75%
all stands in old-growth sites

To decipher differences in riparicin profile (how vegetation, light or
canopy differs with respect to distance from the stream) I classified each section
as:
Classification
stream bank
mid distance
farthest

Distance from stream
0-5m
5-lOm
10-15m
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When comparing multiple categories, sigiuficance was determined with
an ANOVA table and two multiple comparison procedures: the Bonferroni
procedure and Tukey's honestly significant difference test. When comparing
only two categories, significance was determined by the t test. A p value of 0.05
was chosen. Data was checked for normality, and homogeneity of variance.
All of the previously mentioned variables were analyzed, using the SPSS
data analysis program, as functions of canopy type; that is how they differ
among (1) old-growth, i2)TsugalPicea dominated second-growth, (3) mixed
forest, and {4)Alnus dominated second-growth. The only exceptions were
potential allochthonous input as overhanging vegetation, and radiation
transmittance to the stream. These were compared only as old-growth or
second-growth.
In analyzing overhanging vegetation as potential allochthonous input, a
comparison of the type and amount of overhanging vegetation was made
between all of the study sites. Percent overhang was calculated based on the
proportion of the stream covered by a species, thus, overhang percentages are
affected by the width of the stream. Because two second-growth streams were
narrower than old-growth streams, results will slightly favor second-growth
streams having greater percent species overhang. Potential allochthonous
inputs only included live vegetation, it did not include forest floor litter or
detritus.
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RESULTS
Second-growth sites vary in composition depending on a number of
factors, including disturbance history and soil t5^e. However, there are
interesting patterns that consistently distinguish second-growth and old-growth
riparian vegetation systems as well as second-growth sites of varying canopy
types. To understand these characteristics, I analyzed overstory stand structure,
imdergrowth composition and vertical structure, biodiversity, solar radiation,
and potential allochthonous input from overhanging vegetation as they were
affected by canopy type.
Second-growth riparian sites were often dominated by alder {Alnus rubra),
however, many sites are partially to completely conifer dominated {Picea
sitchensis, Tsuga heterophylla, or Thuja plicata). Old-growth riparian sites tend to

be dominated by the same conifer species, however they usually have a large
alder presence within the first 5m of the streambank.

STAND STRUCTURE
OLD-GROWTH
Riparian old growth sites clearly show a diverse range of tree diameters.
Tree density/ha is significantly less in old-growth sites (p< 0.05) than all secondgrowth sites, specifically saplings (2-10 cm). However, all three major tree
species, Tsuga heterophylla (western hemlock), Picea sitchensis (Sitka spruce), and
Alnus rubra (red alder) are well represented in the first diameter class; thus must

be successfully regenerating (Figure 3d).
Alnus dominates the mid-size diameter classes (20-50cm). Not only are

they adequately regenerating, they are growing to significant size (maximum
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diameter being between 50-60cm. Approximately half (49%) of Alnus foimd in
old-growth stands is located within 5m of the stream bank, indicating their
ability to persist in old-growth environments with adequate light and low
intensity disturbance (both greater adjacent to stream). Alnus does not occur in
any size class greater than 6, illustrating a maximum growth size of 50-60cm.
Tsuga has a greater presence than Picea in all diameter classes, with the exception

of the largest (lOO-llOcm). Aside from the first diameter class, all laiger diameter
classes are more or less equally represented in this multi-size class system.
The mean diameter in old-growth sites (37cm) is significantly greater than
that of second-growth (11cm), (p = 0.001). The range and variance of tree
diameters is greater in old-growth sites, illustrating the presence of both small
and large diameter trees in old-growth, and the predominance of only middiameter classes in second-growth.
Old-growth sites do not appear to show a consistent pattern of changes in
tree size or abimdance along a riparian profile. Diameter classes are equally
represented from the stream bank to 15m from the bank.

SECOND-GROWTH
Post-logging forest composition and the resulting overstory canopy is
variable in Southeast Alaska. However, due to the relatively few nimiber of
canopy species, successional stands can be categorized as Alnus dominated,
mixed species, or conifer {Picea and/or Tsuga) dominated (see Methods section
for greater detail); each with its own characteristics. Mixed species stands
consti^te the greatest proportion of second-grbwth sites, followed by Alnus
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dominated, followed by conifer dominated (Table 1).
TABLE 1

NUMBER OF STANDS BY CANOPY TYPE

Conifer

Mixed

Alder

Total

Old-growth

2nd-growth
# of stands

31

49

40

Proportion of

26%

41%

33%

120

108

total 2ndgrowth

In conifer dominated second-growth, (Figure 3a), Picea and Tsuga are
equally represented in the smallest diameter class (2-lOcm), indicating that both
species are successfully regenerating. Although Alnus has a significant presence
in the second diameter size class, indicating its initial colonization after clearcutting, it is not well represented in the first diameter class, thus being
overtopped and suppressed by conifer species and not adequately regenerating.
Picea has a slightly greater representation than Tsuga in larger size classes,

possibly indicating a better competitive ability in open light conditions. In
conifer dominated second-growth there are no trees with a DBH greater than
59cm.
In mixed species second-growth, stands in which there is a high
percentage of both alder and conifer species, Picea and Tsuga dominate the first
diameter dass (Figure 3b). However, in contrast to conifer dominated secondgrowth, Alnus has a significant presence in the first diameter class, thus more
successfully regenerating; possibly due to greater light availability. Interestingly,
the proportion of species regenerating, Tsuga having the greatest representation,
followed by Picea and Alnus) closely matches the proportion of old-growth
species regenerating. The presence of all three major species in larger size classes
indicates successful colonization after clear-cutting. Alnus has equal or greater
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representation in the second, third, and fourth diameter class, while Picea is
dominant over Tsuga in larger size classes. This may indicate a comparable
competitive advantage of Pi'ccfl and Alnus over Tsuga in a non-light limiting and
disturbed environment. As seen in conifer dominated second-growth, the
maximum diameter of mixed species second-growth is between 50-60cm. The
presence of larger Alnus individuals, which tend to be a slower growing species
than conifers, may illustrate old-growth remnants left during clear-cutting.
In Alnus dominated second-growth, alder truly reigns supreme,
dominating all smaller and larger size classes (Figure 3c). The enormous
presence of alder in the first size dass indicates that it continues to successfully
regenerate; however, the slight presence of Picea may allude to the early
beginnings of a successional change to a shade tolerant conifer system. The
maximum tree diameter in these stands is smaller (40-50cm) than other secondgrowth stands, possibly representing the slower growth rate of this hardwood
species compared to conifer species.
The presence of each second-growth canopy type differs with respect to
distance from the stream. Over half of the conifer stands (52%) occurred 10-15m
from the stream bank, where as mixed species and Alnus stands occurred in the
greatest proportion between 0-5m from the streambank (41% and 38%
respectively). Mixed species stands represented 50% of the stands at 0-5m, and
the greatest proportion (40% ) of stand types at 5-lOm. Conifer dominated
represented the greatest proportion (40%) of stand types at 10-15m. However,
all three stand types were present in each distance category.
In other words, conifer dominated second-growth is more likely to be
farther from the stream than adjacent to the stream, and at 10-15m from the
stream it is more likely to have a conifer dominated stand than a mixed species
or alder dominated stand. The same holds true for mixed species second-
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growth. Mixed species second-growth is most likely to be adjacent to the stream
and represents the greatest proportion of streamside habitat. Finally, Alnus
dominated second-growth is most likely to occur adjacent to the stream.
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UNDERSTORY COMPOSITION
Although old-growth sites have similar total canopy cover values (sum of
conifer and Alnus cover) as second-growth sites, canopy composition differs.
Alnus dominated second-growth and mixed species second-growth have

significantly (p< 0.05) greater Alnus cover than old-growth and conifer
dominated second-growth. Conifer dominated second-growth has significantly
(p< 0.05) greater conifer cover than Alnus and mixed species second-growth, and
old-growth sites (Figure 5d and 5e).
Understory composition is dramatically different between old-growth and
second-growth and within second-growth stands of differing canopy types.
Figvire 4 shows total shrub cover to be significantly higher (p<0.01) in old-growth
sites than all three second-growth canopy types.
Alnus dominated second-growth has a significantly greater (p< 0.05) mean

shrub cover (>75%) than all second-growth stands. Mean shrub cover in mixed
species second-growth (<40%) and conifer dominated second-growth (>50%) is
not significantly different. This shrub summary can be further broken down to
determine which shrub species dominate beneath each canopy type.
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FIGURE 4: PERCENT COVER OF SHRUB SPEOES AS A FUNCTION OF CANOPY TYPE

Shrubs in conifer second-growth are dominated by Vaccinium species,
making up 63% of the total shrub cover. Vaccinium cover is significantly higher
(p< 0.05) in conifer than mixed species or Alnus second-growth. Oplopanax is
completely absent from conifer second-growth and all other species are
minimally represented.
Shrubs in mixed canopy second-growth are evenly distributed among
species; no one species has a significantly greater presence than another.
Lysichiton cover is significantly greater (p< 0.05) in mixed second-growth than

old-growth. Although it is initially puzzling that the value of total shrub cover
of mixed species stands is not between conifer and Alnus dominated secondgrowth, it is likely due to the overstory density and low radiation transmittance
in mixed species stands.
Shrubs in Alnus canopy second-growth are dominated by Rubus, making
up 73% of the total shrub cover. Rubus cover is significantly greater (p<0.05) in
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Alnus second-growth, mean value=57%, than in all other sites. Ribes cover is also

significantly greater (p< 0.05), mean value=7%, than all other sites.
Shrubs in old-growth stands are dominated by Rubus (41%), Oplopanax
(27%), and Vacciniutn (26%). Oplopanax cover is significantly greater (p< 0.05) in
old-growth than in all second-growth. Rubus is significantly greater (p< 0.05) in
old-growth than in conifer and mixed second-growth. Vaccinium is significantly
greater (p< 0.05) in old-growth than alder and mixed second-growth.

Conifer
secondgrowth
a>

60-

Mixed species
secondgrowth
A

•

Bryophyte

Herbaceous

Alnus secondgrowth
Old-growth

Shrub

Figure 5 : Percent cover of understory composition: (bryophyte,
herbaceous, shrub) in conifer dominated second-growth, mixed
species second-growth, Alnus dominated second-growth, and oldgrowth. Values represent average cover values for each stand type.

Despite the high proportion of conifer and shrub cover in old-growth
stands, herb cover is also significantly greater (p< 0.05) than mixed and conifer
second-growth but not significantly greater than Alnus second-growth (Figure 5).
Similarly, herb cover is significantly greater (p< 0.05) in Alnus dominated stands
than in either mixed species or conifer. Herbaceous cover appears to foUow a
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linear pattern between Alnus, mixed species, conifer second-growth stands and
may be correlated with canopy composition. As the proportion of conifer
dominating the stands decreases and proportion oi Alnus increases, the percent
cover of herbs increases.
The highest value of biyophyte cover, mean value = 51%, is in conifer
second-growth, also having the lowest cover value of the herbaceous layer. In
contrast the lowest value of bryophyte cover, mean value=34%, is in Alnus
second-growth, also having the greatest cover value in the herbaceous layer
(Figure 5). This may be due to the poor competitive ability of moss to compete
with herbs and its ability to survive in acidic environments, such as beneath
conifer needles.
Old-growth sites, once again, are an exception to the pattern followed by
second-growth. Bryophyte cover is high in these sites, mean value =47% despite
the high value of herbaceous cover.

Bryophyte
Herbs

R2=0.28

Shrubs

R2=n 11

I

I ' I' " I

I'—n—I

I

I—1

10 20 30 40 50 60 70 80 90 100

}ii m III m iiij III iji III |ii m Ml I)! Ill |ii ii|
0 10 20 30 40 50 60 70 80 90 100

Proportion of total basal area comprised of Alnus (%)

(b)

Figure 6: Lines represent linear curve for scatterplot data points of the total cover of bryophytes,
herbs, and shrubs as a function of the proportion Alnus basal area within a stand in (a) secondgrowth (b)old-growth. R2 values are shown >0.1.
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In second-growth there is a moderate positive correlation between the
amoimt of Alnus represented in a stand and understory cover (Figure 6). As the
proportion of Alnus basal area increases, shrub and herbaceous cover increase.
There is no correlation between Alnus representation in old-growth stands and
the percent cover of shrubs, herbs, or biyophytes. They each have high cover
values even when Alnus is completely absent from the stand.

RIPARIAN PROFILE
Conifer, deciduous dominated canopies and old-growth have contrasting
patterns associated with distance from the stream (Table 2). In old-growth
systems, Alnus cover tends to decrease, while conifer cover tends to increase with
distance from the stream. A similar pattern is found in conifer dominated
second-growth but not in the other second-growth canopies.
Shrub cover along the streambank is particularly distinctive between the
two successional stages (Table 2). In old-growth, it reaches its peak at over 100%
cover beside the stream, conversely, in conifer dominated and mixed species
second-growth it is at its minimum level of (23.5% and 34% respectively) beside
the stream.
Although the composition of shrub species does not appear to follow a
clear pattern moving away from the stream, some integral shrub species are
significantly affected by distance from the stream. There appears to be a
consistent trend in which the percent cover of Rubus decreases farther from the
streambank, it is only significantly greater (p< 0.05) in the first 5m than in thelO15m. In contrast, Vaccinium follows a general trend in which the percent cover
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increases away from the stream. Vaccinium cover is significantly greater 10-15m
from the stream than 0-5m.
The percent cover of herbaceous species is significantly greatest along the
streambai\k in conifer dominated and mixed species second-growth (p<0.05). It
also tends to be greater at the streambank in old-growth, but these differences
are not significant at p=0.05. In aU stands, the lowest values for biyophyte cover
were foxmd adjacent to the stream.

Table 2: Summary table of imderstory composition and radiation transmission as a function of canopy and distance from the stream.
Alnus dominated second-growth
Conifer dominated second-growth Mixed species second-growth
0-5m

# of Stands
% Cover
Bryophytes
Herbs
Shrubs
Alnus

Conifer
%PAR
Canopy penetration
Ground level

5-lOm

10-15m

0-5m

5-lOm

10-15m

Old-growth
5-1 Om

0-5m

10-15m

5-1 Om

0-5m

10-15m

5

10

16

20

16

13

15

14

11

36

36

36

45
31.5
23.6
14
119.6

52.37
19.85
50
6
145.6

52.19
19.3
56.5
1.25
120.63

38.8
56.65
34
89.4
73.7

51.61
26
48.9
81.8
73.3

56.3
20.39
35.85
87.85
95.08

31.8
62.64
80.27
101.3
1.87

38.6
63.73
81.43
100
2.43

35.75
50.16
76.07
100
2.71

41.32
78.81
100.84
43.95
59.89

47.8
70.36
93.26
26.89
69.79

43.5
64.5
89.32
18.89
76.16

3.07
2.13

3.95
2.35

10.53
2.86

3.3
1.87

9.93
2.38

3.36
1.7

3.55
1.86

4.16
2.24

5.7
2.29

10.47
2.92

10.02
3.13

12.76
3.7

19.05
19.5
18.85
18.55

20.95
24.95
25.55
18

19.71
29.59
24.86
22.23

22.26
14.94
10.59
10.58

17.77
37.62
26.37
14.37

13.94
13.42
7.02
4.32

40.08
48.94
28.11
23.16

39.45
53
26.9
12.04

21.82
32.82
21.2
7.74

35.6
47,46
44.08
31.28

33.75
50.12
43.51
29.22

31.93
48.69
45.42
32.01

Understory Structure
(% Volume)
0-50cm
50-100cm
100-150cm
150-200cm
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BIODIVERSITY
Spedes richness, with respect to stand age, did not exhibit clear or obvious
patterns (Appendix 2). Second-growth sites contained an average of 7.5, and oldgrowth an average of 4.75 shrub species; 10 shrub species were found in the
study. The following shrub species were unique to second-growth: Ribes
bracteosum (Stink currant), Ribes laxiflorum (Trailing black currant), or Rubus
parviflorus (Thimbleberry). Second-growth sites contained an average of 15, and.

old-growth sites an average of 16; a total of 29 shrub species were fotind in the
study. The following herbaceous species were unique to second-growth:
Cardamine angulata (Angled bitter-cress), Claytonia sibirica (Siberian miner's

lettuce), Epilobium angustifolium (Fireweed), Equisetum aruense (Common
horsetail), Heracleum lanatum (Cow parsnip), Maianthemum dilatatum (False lilyof-the-valley), and Oenanthe sarmentosa (Pacific water-parsley). With the
exception of Equisetum arvense and Heracleum lanatum, those unique secondgrowth species were foimd only at Upper Beaver Creek. The following species
were unique to old-growth: Polypodium glycyrrhiza (Licorice fern) and Streptopus
roseus (Rosy twistedstalk). Streptopus roseus was foimd in all old-growth sites.

37

UNDERSTORY PLANT ARCHITECTURE
Analysis of shrub architecture in second-growth and old-growth sites
suggests a marked difference in the percent volume of shrubs and their vertical
distribution within half meter strata. In all strata there is a greater percent shrub
volume in old-growth than in all second-growth stands (Figure 7). Interestingly,
in all stands, the greatest shrub volume is between 0.5 and Im and the smallest
shrub voltime is in the highest strata (1.5-2m), each following a similar
architectural pattern (Table 3).

150-200cm
Conifer secondgrowth
Mixed species
second-growth

100-150cm

—1

Alnus secondHgrowth

I I

50-100cm

0

10

20

30
40
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% Volume
Figure 7 Understory architecture: % Volume of shrubs per 50cm
strata in: conifer dominated second-growth, mixed species secondgrowth, Alnus dominated second-growth, and old-growth.

Old-growth
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Old-growth shrub volume is significantly greater (p<0.01) than conifer
and mixed species second-growth in all strata. It is also significantly higher
(p=0.01) than Alnus second-growth in the two upper strata (l-2m). The voltime
of shrubs in Alnus second-growth is significantly higher (p=0.01) in the lower
two strata (0-lm) than conifer and mixed spedes.
Conifer dominated second-growth exhibits the least variation, while Alnus
dominated second-growth exhibits the highest variation, in shrub volume across
vertical strata.

Table 3: Summary table of wetted width,, overhanging vegetation, and radiation intensity for each study site.
Three
Upper
Fubar
Pass
Beaver
Tye
Natzahini Maybeso Trocadero Tenths
Succession stage
2nd-growtli 2nd-growth 2nd-growth 2nd-growtl' old- growth old- growth old- growth old-growth
5.62m
5.94m
Average wetted width
3.28m
5.44m
5.98m
1.94m
5.34m
2m
Overhang: proportion
of the stream covered (%)
66.7
Alms
47.4
59.7
6.2
100
98.8
78.7
80
22.5
38.7
Conifer
116.9
40.4
1.8
50.6
10
37.1
29.6
45.7
34.1
27
Total shrub
5.7
27.5
4.2
9.3
9
10.5
Oplopanax
27.9
7
0.75
0
0
2.9
5.2
0
Kibes
1.9
1.3
2.2
0.9
0
0
16
Rubus
14
12.3
14.3
4.2
2.3
9.2
23.8
Vaccinium
4.6
3.5
3.8
4.2
0
0
0
0
10.9
15.1
% PAR to stream
3.7
5.3
2.6
17.1
3.5
3.2
# Stands dominated by:
Alnus
18
19
0
3
mean light level at ground
2.79
1.27
2.79
mean canopy penetration
3.65
5.15
3.48
Mixed Species
12
9
12
16
tneaji light level at ground
0.91
2.27
1.21
3.1
mean canopy penetration
2.09
12.91
2.42
4.2
Conifer
0
18
2
11
mean light level at ground
0.97
2.1
3.64
mean canopy penetration
9.28
2.51
4.72
mean light level at ground
mean canopy penetration

4.48
10.73

2.66
8.5

3.03
10.71

2.73
13.8

40

RADIATION ATTENUATION
Each of the six study sites has varying intensity of solar radiation (PAR).
Upper Beaver Creek and Natzahini Creek had the overall lowest transmission
rate through the canopy and at the ground. It is interesting to note that although
these sites had the highest degree of Alnus dominating the site, they also had the
overall lowest PAR values. The presence and abimdance of outlier values
suggests that canopy gaps were an important feature of most study sites (Figure
8). In Figtire 8, the four second-growth sites are listed first and the four oldgrowth sites follow. Of the second-growth sites, Tye Creek, a conifer and mixed
species dominated site, has the greatest ntimber of extreme values and, we can
hypothesize, the greatest nimiber, or size, of gaps. All old-growth sites had
higher PAR penetration through the canopy (at 2m) and PAR transmission at the
ground level was similar to second-growth sites.
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FIGURE 8: LIGHT TRANSMISSION TO THE RIPARIAN ZONE OF EACH STUDY SITE. VALUES REPRESENT
THE RATIO OF OPEN SKY VALUES TO LIGHT READINGS TAKEN ABOVE THE SHRUB LEVEL (REPRESENTING
CANOPY PENETRATION) AND AT THE GROUND LEVEL (REPRESENTING BOTH CANOPY AND SHRUB
PENETRATION).
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Variation in light transmittance within sites can be an important
indication of canopy gaps. Note that old-growth sites tend to have greater light
variability than second-growth sites, despite the fact that these sites are
composed of stands with varying degrees of dominance by both Alnus and
conifer species.
Surprisingly, there are no significant differences (p<0.05) in % PAR
between second-growth canopy types (conifer, alder or mixed canopy) at either
the ground or shrub level (Figtire 9).

Hill Groxmd level

Conifer

Mixed

[jl] Canopy penetration

Alnus

Old-growth

Figure 9 : Radiation intensity through the canopy and at ground
level for each canopy dominance type: conifer dominated secondgrowth, mixed species second-growth, Alnus dominated secondgrowth, and old-growth. Values represent average light
transmittance for each stand type.
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PAR measurements at the shrub level (2m above the forest floor) are
significantly higher (px 0.05) in old-growth than all second-growth sites. Again,
despite varying canopy cover, no second-growth sites are significantly different
from one another. Unequal variance between second-growth sites appears to
indicate a greater presence of canopy gaps in conifer dominated and mixed
species stands than in alder dominated stands. The large variation and the
presence of outliers and extreme values in old-growth certainly illustrates the
role of gap dynamics in old-growth systems.
Canopy light transmittance has a moderately positive relationship with
canopy type; R2=0.15. However, there does not appear to be a correlation
between Alnus or conifer cover and percent light transmission through the
canopy. Light at the ground level has a positive relationship with canopy light
transmittance; R2=0.23. Interestingly, light at the ground level does not have a
significantly strong relationship with the percent cover of shrubs.
PAR measiirements at the forest floor are significantly greater (p< 0.05) in
old growth sites than Alnus and mixed second-growth sites (Figure 9). Due to
the very low shrub densities in conifer second-growth, it is not surprising that
PAR forest floor values are comparable between old-growth, which has high
light transmission through the canopy and conifer second-growth, which has
low light transmission through the canopy but low shrub density. There is also a
high degree of variability between second-growth sites which may explain the
inability to detect significant differences between canopy dominance types.
With the assumption that the variability between sites with similar canopy
types may be too high to detect a significant difference between canopy
dominant types, I analyzed each canopy type within each second-growth site to
find any significant differences in light transmission between differing stands
within sites. Surprisingly there is not a general pattern. At the shrub level of 2m,
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one would expect Alnus canopy to have significantly higher PAR transmission.
They were, however, only significantly higher in Natzahini Creek (p< 0.05). At
the ground level, one would expect a higher PAR transmission in conifer
dominated second-growth due to the lower density of shrubs (Table 3). This did
not occur in any site. In fact, Natzahini Creek also had significantly higher light
transmission at the forest floor in Alnus dominated stands than conifer and
mixed species stands. I believe this is due to the presence of gaps within the
forest which create high variability within stands and make it difficult to detect
significant patterns. Natzahini Creek has the lowest variability and was one of
the only sites to show significant differences.

RIPARIAN PROFILE
In old-growth stands, PAR transmission through the canopy is
significantly greater, (p< 0.1) 10-15m than 0-5m from the streambank (Table 2).
Second-growth stands do not show as consistent a pattern as old-growth stands.
Although there is a general trend where light transmission through the canopy
increases with distance from the stream (mixed stands being an exception); light
transmission at the forest floor is constant with respect to distance (Table 2).
Light transmission through the canopy is significantly greater (p< 0.05) in conifer
dominated second-growth 10-15m than 0-5m from the streambank.
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ORGANIC STREAM INPUTS AS POTENTIAL ALLOCHTHONOUS AND
AUTOCHTHONOUS PRODUCTION
Although each site differed in vegetation composition, there were clear
patterns between old-growth and second-growth sites. All second-growth sites
have similar amounts of alder canopy overhang (see Table 3), despite the fact
that some second-growth sites, Maybeso and Tye, are primarily conifer
dominated 5m back from the streambank.
The contribution of potential allochthonous input differs between oldgrowth and second-growth (Figure 10 a,b). Where as old-growth sites have a
similar proportion of shrubs, conifer, and Alnus overhanging the stream, secondgrowth sites are very much dominated by Alnus. Alnus represents 71% of
overhanging vegetation in second-growth where as it only represents 36% of
overhanging vegetation in old-growth sites. Second-growth sites have a
significantly greater (p< 0.01) overhanging alder canopy than old-growth sites.
In contrast, although the mean conifer overhang is greater in old-growth sites
(mean=51.4%), it is not significantly greater than second-growth (mean = 24.8%).
Old-growth sites, however, have significantly greater (p< 0.05) shrub overhang.
Although, all shrub species have a higher percent overhang in old-growth systems
(Figure 10b), only Oplopanax horridus and Vaccinium species are significantly higher
(p< 0.05).
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Although there is variability among old-growth sites, as well as secondgrowth sites, all old growth streams have significantly higher (p< 0.01) PAR
transmission than second-growth streams (Table 3). Three-tenths stream has the
lowest old growth value (mean=5.3%) but it is significantly greater (p< 0.05) than
Natzahini (mean=3.5%), which has the highest second-growth PAR value.
Old-growth sites have significantly higher PAR transmission than secondgrowth sites (p< 0.05) (see Figure 10c). Variability is also greater in old-growth
sites, indicating the presence of gaps in the overstoiy canopy. Fewer outliers and
extreme values in second-growth indicate a uniform overhanging canopy with
few large gaps.

Second-growth

Old-growth

Other

Total

Vaccinium

Shrubs

Rubus
Conifer
Ribes
Alnus

Oplopanax
4
6
8 10 12 14 16
Proportion of stream covered (%)

Proportion of stream covered (%)

I

1

14
% PAR transmission
Figure 10: Potential allochthonous input from overhanging stream vegetation by (a) lifeform and (b) shrub species. Percent
light transmission (c) available for autochthonous production. All measurements taken during full leaf-out.
6

10

12
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DISCUSSION
When attempting to distingtdsh the effects of logging and canopy
composition on riparian vegetation, it is the xmiqueness of the old-growth
communities and the differentiation of second-growth sites based on canopy
composition that prevail as common conclusions.

VEGETATION COMPOSITION
Old-growth riparian systems in Southeast Alaska have a multi-sized
canopy profile with all major canopy species {Alnus rubra, Picea sithchenis, Thuja
plicata, and Tsuga heterophylla) significantly represented. Alnus is not always

equated with the assumed model of old growth ecosystems in Southeast Alaska;
therefore, it is essential to note that it dominates the mid-size diameter dass (2050cm). Not only are they adequately regenerating, they are growing to
significant size (maximum diameter being between 50-60cm). The recruitment of
alder (a light demanding and disturbance competitor) in old-growth systems
indicates active gap dynamics and/or high light availability. As Alnus rubra is
known to fix nitrogen and increase soil aridity, their presence in old growth
undoubtedly affects understory composition and canopy succession (Franklin et
al. 1968). Their presence is also critical in allochthonous stream inputs and
seasonally high radiation transmittance to the stream.
In old growth upland studies an older successional stage can be
characterized by an increase in the presence of Tsuga (Alaback 1982; Taylor 1929,
1932). The data suggest that SEAK riparian systems parallel this prediction; with

a greater presence of Tsuga than Picea in mid to upper size classes. We can likely
attribute this pattern to the greater competitive ability of Tsuga heterophylla in a
shaded environment. The greater presence of Picea in the largest diameter class
(DBH>100) may illustrate its initial competitive advantage after windfall
disturbance.
In contrast to old-growth sites, post-logging second-growth riparian
zones, regardless of the dominant canopy type, are composed of a dense, singlesized overstory. In terms of recruitment potential, mixed and conifer (making up
67% of second-growth) stands are almost completely dominated by conifer
species in the smallest diameter classes, thus we can assume they will become or
remain conifer dominated, respectively. Alder dominated second-growth
constitutes 33% of the stands and has predominantly Alnus recruitment,
although there is conifer presence in the smallest size classes. Therefore,
although Alnus is said to respond best to disturbance in riparian sites (Haeussler
and Coates 1986), 30-40 years post cutting, second-growth is composed primarily
of conifer species. Composition of smallest diameter classes indicates an
increasing conifer dominance.
Surprisingly the lack of Alnus recruitment in both conifer dominated and
mixed species second-growth does not appear to be solely a result of light
limitation. Light transmittance to the forest floor beneath Alnus dominated
canopy is not significantly greater than other second-growth stands, it is in fact
less (Figiire 9). Alnus recruitment in Southeast Alaska is, therefore, a function of
other factors such as, degree of disturbance, soU type, available soil nutrients, or
greater seasonal radiation transmission after leaf abdsion, rather than simply
light transmittance alone.
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These results support findings which concluded no consistent differences
in light transmitted in aspen groves versus conifer stands while aspens were in
leaf. The greater development of herbaceous vegetation in aspen groves was,
therefore, not a function of summer light transmittance, but rather, higher soil
moisture levels in aspen groves and greater light transmittance in the spring and
fall (Hoff 1957). Similarly, although Anderson et al. (1969) concluded that
xmderstory and light intensity increased across a gradient from dense to open
canopy, precipitation throughfall was a more confident explanation of
imderstory response. Southeast Alaska, being a perhumid temperate rainforest
ecosystem, is vmique in that it does not incur seasonal moisture limitation. Thus,
increased seasonal light levels after leaf senescence in the canopy may be the
most plausible explanation for higher shrub and herbaceous development in
second-growth.
This data suggests that understory vegetative patterns and composition
are affected by overstory canopy. These findings are in agreement with Franklin
and Pechenec's (1967) coastal Oregon upland study of imderstory characteristics
with respect to differing canopy types. They foimd shrub species to be confined
to pure alder stands, herbaceous species to mixed and pure alder stands, and
cryptogams to conifer and mixed stands. Although imderstory riparian
vegetation patterns in Southeast Alaska broadly parallel Franklin and Pechenec's
upland study, it is undear whether understory can be explained solely by
overstory density. Mixed forest second-growth had the highest combined cover
values of conifer and Alnus overstory, yet maintained moderate herbaceous and
shrub development. Similarly, pure Alnus stands had extremely high stems/ha
as well as less light penetration through the canopy, and maintained the highest
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shrub and herbaceous development. As stated earlier in regards to tree
recruitment, this seeming discrepancy may be explained by soil nutrients,
presence of canopy gaps, or seasonally high light transmittance. Moderately
high shrub cover in extremely dense mixed forest stands may be explained by
Alnus pockets providing tmderstory nutrients and seasonal canopy gaps.

Surprisingly, conifer second-growth had a greater shrub development than
mixed species which may be in part due to the greater presence of forest gaps in
conifer stands, suggested with high variance in light transmittance values.
The direct positive relationship between the proportion of Alnus basal
area and understory cover in second-growth ,occurs despite significantly less
canopy light transmittance. This is likely a function of increased available
nutrients for understory plants or a seasonal increase in light transmittance after
leaf abdsion. Due to the significantly greater understory cover of both herbs and
shrubs in old-growth sites without the obvious correlation with Alnus presence,
perhaps imderstory can be explained by greater seasonal light transmittance.
Old-growth stands are not as severely light limited as second-growth. They have
significantly greater PAR transmittance which is likely a function of tree height
and multi-sized class stand distribution.
Tappenier et al. (1991) found Rubus to have a greater presence in upland
second-growth in Southeast Alaska. In riparian stands, Rubus cover is greatest in
second-growth Alnus stands, it also has a large presence in old-growth.
Spatial diversity and the vertical distribution of vegetation (architectural
diversity), rather than simply taxonomic diversity alone, has shown to be a major
component of terrestrial insect composition and diversity (Southwood 1979,
Brown and Southwood 1987). A greater volimie of shrubs leads to a greater
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amount of habitat availability for terrestrial herbivorous insects. In old-growth
we find a greater equitability between shrub species, there is not a major
dominance by any one species, such as Rubus spectabilis, as we find in both alder
and conifer second-growth. This greater eqtdtability among species as well as
greater equitability among strata (no one strata has the predominance of shrub
volimie) in old-growth suggests better habitat for insect diversity and biomass.
Diversity in architectural patterning between second-growth stands is
likely due to varying species composition. For example, Vaccinium species are
found in greater abimdance in conifer second-growth and tend to dominate
higher strata. Conversely, Rubus is fotmd in much greater abundance in Alnus
second-growth and tends to dominate mid-strata. As suggested from vertical
foliage profile data and shrub species composition graphs, old-growth has higher
cover values of most shrub species as well as higher shrub volume in all strata.
In old-growth sites, light transmittance values were higher than mixed
species and conifer dominated second growth at the ground level. The lack of
relationship between light at the grotmd level and shrub cover (R2<0.1)
combined with the fact that shrub vertical structure is greater in old-growth,
indicates that light measurements appear to be differentiating understory species
composition. This data suggests that Rubus which usually forms dense thickets
dominating the second and third strata (0.5m-1.5m), blocks a greater amount of
light than Vaccinium or Oploponax, a more erect and open shrub dominating the
fourth strata (1.5-2m).
In terms of the herbaceous community, I was expecting a greater cover of
shrubs to result in a greater amoxmt of light interception and thus lower available
light and smaller coverage by the herbaceous layer. However, this prediction
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does not hold true for this data. The stand types with the greatest shrub cover
(second-growth alder and old-growth) also had the greatest herb cover. Again,
this is likely due to overstory composition. As the proportion of Alms basal area
increased, herbaceous cover increased in second-growth stands. Light reaching
the ground level was attributable to light transmittance through the canopy but
not necessarily to canopy composition.
A pattern of greater light transmission farther from the stream in oldgrowth suggests a less dense riparian community or a change in shrub
dominance from salmonberry to Vaccinium along the riparian profile. The
majority of old-growth alder occurs adjacent to the stream, thus senescence will
seasonally permit greater light transmission to the stream, while gaps in the
canopy farther from the stream allow greater light to reach the riparian zone.

POTENTIAL ALLOCHTHONOUS AND AUTOCHTHONOUS PRODUCTIVITY
The importance of vegetation that is directly overhanging the stream as a
critical component of allochthonous input, in the form of the vegetation itself and
as habitat for terrestrial insects, cannot be overstated.
Allochthonous input to streams comes from a variety of sources: overhead
canopy vegetation, overhead shrub vegetation, and organic matter blowing into
the stream from the forest floor. In western Washington, Bilby and Bisson (1992)
found that old-growth streams had consistently higher allochthonous inputs
than second-growth which had been clear-cut 7 years prior. In old-growth
streams, allochthonous inputs provided over 73% of organic matter and only
25% in second-growth streams (Table 4).
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TABLE 4 INPUT OF ORGANIC MATTER TO TWO STREAMS, ONE FLOWING THROUGH UNMANAGED OLD-

GROWTH FOREST, THE OTHER IN AN AREA THAT WAS CLEAR-CUT TO THE STREAM EDGE 7 YEARS PRIOR
TO THE STUDY. VALUES REPRESENT AVERAGES FOR 2 YEARS OF DATA. (SOURCE: BILBY AND BISSON
1992)
Source of oreanic matter
Riparian vegetation
In-stream algae
Total

Organic matter production
Clear-cut
59.7
176.1
235.8

(g/m2/vear)
Old-growth
310.5
110.0
420.5

Data from this study supports Bilby and Bisson's conclusions regarding
higher allochthonous potential in old-growth. The composition and quality of
overhanging canopy and shrub vegetation differs between old and secondgrowth sites. Old-growth sites have significantly less Alnus overhang, but
significantly greater shrub overhang; particvdarly Oplopanax and Vaccinium.
As Alnus is the only deciduous canopy species in this area of Southeast
Alaska, the greater proportion of alder canopy input in second-growth is an
important factor and leads to a more seasonally distributed litter during leaf
senescence. However, old-growth will also receive a high seasonal
allochthonous input during leaf abscission due to the high amount of
overhanging shrub vegetation and the presence of alder. Old-growth streams
will also continue to receive allochthonous input from the canopy throughout the
year due to conifer overhang. Conifer inputs are not considered to be as equally
high quality to invertebrates, primary producers, or aquatic vertebrates as
deciduous inputs (Bilby and Bisson 1992).
The rate and time which litterfall reaches the stream from terrestrial plants
is an important factor in stream functioning; affecting aquatic invertebrates and
primary productivity. In coastal Oregon, Campbell and Franklin (1979) found
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Ribes to have completed abscission during the second week of October, Rubus by

the third week, Oplopamx by the fourth week, and Alnus during the fourth week
of October and first week of November. If a similar pattern is foimd in Southeast
Alaska, second-growth streams will receive high quality allochthonous inputs
primarily during Alnus abscission. In contrast, old-growth streams will begin
receiving high quality allochthonous inputs in early October and continuing
through November.
Because many terrestrial insect species are said to be host specific, those
shrubs that directly overhang the stream will support different insect
communities and thus affect the direct input of terrestrial invertebrates into the
stream. Insect communities favoring Oplopamx and Vacciniutn (species which
also tend to have dominant 4th strata plant architecture, 1.5-2m) will be favored
and those that prefer Rubus (a species which tends to have dominant mid-strata
plant architecture, 0.5-lm) will not be favored in old-growth systems.
The amount of Ught (photosynthetic active radiation) to reach the stream
surface will affect numerous stream characteristics, primarily primary
productivity. In a colder, light limited environment such as Southeast Alaska,
greater light transmission will increase water temperature and stimulate higher
autochthonous productivity. Previous studies suggest that autochthonous
productivity will increase in streams post-cutting and allochthonous
productivity will decrease (Meehan et al. 1977; Hawkins et al. 1982; Koski and
Kirchhofer 1984; Bilby and Bisson 1992).
This data suggests that higher primary productivity due to greater light
availability is a direct function of the successional phase of second-growth in
Southeast Alaska. Recent clear-cuts provide more available light, however, after
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only 20-40 years post dear-cutting; there is significantly less light transmittance
to the stream than in old-growth. This follows Sedell and Swanson's (1984)
riparian succession model in coastal Oregon and Alaback's Southeast Alaska's
upland successional model. Although, primary productivity may decrease due
to a decrease in light transmittance, high quality deciduous litter is not
necessarily increased in second-growth. Although Alnus overhang is greater,
shrub overhang is significantly less.
In those second-growth streams enclosed by conifer canopy, the food base
wiU shift from high nutrient quality deciduous litter and algae to lower quality
conifer litter. In contrast, old-growth stands are multi-layered and allow more
light penetration, allowing autochthonous productivity to remain high. The
presence of Alnus and shrubs within old-growth riparian zones provides high
quality allochthonous inputs.
The uniqueness of old-growth riparian systems lies in higher herbaceous
and shrub xmderstory productivity, a more equitably represented shrub
architecture, greater canopy and grotmd light attenuation, greater potential
allochthonous stream inputs and greater light transmittance to the stream for
autochthonous production. These characteristics are a function of overstory
composition and diameter distribution. All overstory species are present in a
multi-sized stand structure. This stand structure is allowing greater light
transmission as a function of greater tree height and a greater presence of canopy
gaps. In contrast, second-growth sites are highly dependant upon Alnus rubra for
understory production. Although Alnus does not necessarily transmit a greater
amount of light during full leaf coverage, they do support a higher shrub and
herb understory than conifer. However, it is conifer that is dominating second-
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growth riparian systems in Southeast Alaska, and it is the encouragement of
conifer dominated stands that is considered 'best management practices' in the
Pacific Northwest. Riparian zones dominated by dense second-growth conifer
stands will be detrimental to terrestrial insect biomass and diversity, an
important component for rearing salmonid species, due to a lack of habitat
availability. A lack of developed tmderstory in conifer second-growth also
minimizes allochthonous inputs from overhanging vegetation, reducing inputs
to lower quality conifer needles, and depleting food resources for aquatic
invertebrates. In light of the riparian logging history, the presence of Alms rubra
in riparian zones is critical to imderstory vegetation composition and stream
functioning.
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Appendix 1: Common and scientific names of identified riparian species

Trees
Alnus rubra
Picea sitchensis
Thuja plicata
Tsuga heterophylla

ALRU
PISI
THPL
TSHE

Red alder
Sitka spruce
Western red cedar
Western hemlock

Shrubs
Arnucus dioicus
Lysichiton americanum
Menziesia jerruginea
Oplopanax horridus
Ribes bracteosum
Ribes laxiflorum
Rubus parvijlorus
Rubus pendatus
Rubus spectabilis
Sambucus racemosa
Vaccinium

ARDI
LYAM
MEFE
OPHO
RIBR
RILA
RUPA
RUPE
RUSP
SARA
VACC

Goats beard
Skunk cabbage
Foors huckleberry
Devils club
Stink currant
Trailing black currant
Thimbleberry
Trailing blackberry
Salmonberry
Red elderberry
Blueberry species

Forbs
Aquilegia formosa
Athyrium filix-femina
Blechum spicant
Cardamine angulata
Circaea alpina
Claytonia sibirica
Coptis asplenijblia
Cornus canadensis
Droyepteris austriaca
Epibobium angustifolium
Equisetum arvenese
Galiutn trifidum
Gymnocarpium dryopteris
Heracleum lanatum

AQFO
ATFI
BLSP
CAAN
CIAL
CLSI
COAS
COCA
DRAU
EPAN
EQAR
GATR
GYE)R
f^ELA

Red columbine
Lady fern
Deer fern
Angled bittercress
Enchanter's nightshade
Siberian miner's lettuce
Fern leaved goldenthread
Bunchberry
Spiny wood fem(Shield)
Fireweed
Common horsetail
Small bedstraw
Qak fern
CovY parsnip

Listera cordata
Maianthemum dilatatum
Osmorhiza chilensis
Polypodium glycyrrhiza
Polystichum munitum
Prenanthes alata
Streptopus amplexijblius
Streptopus roseus
Thelypteris phegopteris
Tiarella trijbliata
Tolmiea menziesii
Viola glabella
Veratrum viride

LICO
MADI
OSCH
PLGL
POMU
PRAL
STAM
STRO
THPH
'HiR
TOME
VIGL
VEVI

Heart leaved twayblade
False lily of the valley
Motmtain sweet-cicely
Licorice fern
True swordfem
Western rattlesnake root
Qasping twistedstalk
Rosy twistedstalk
Narrow beech fern
Foamflower
Youth on Age
Yellow Stream Violet
Indian hellabore
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Appendix 2: Species presence/absence list SECOND-GROWTH SITES
Numbers indicate the number of second-growth sites which contain that species
1

SPECIES
TREES
i
AInus rubra
Picea sitchensis
Thuja plicata
Tsuga heterophyila
!

SHRUBS 1
Amicus dioicus
Lysichiton americanum
Menziesia ferruginea
Oplopanax horrid us
Ribes bracteosum
Ribes laxiflorum
Rubus parviflorus
Rubus spectabilis
Sambucus racemosa
Vaccinium

'

i

CODE
-ALRU
iPISI
THPL
jTSHE
i

•
.ARDl
LYAM
MEFE

JOPHO
RIBR
RILA
iRUPA
iRUSP
SARA
VACC

Beaver
Natzahini [Upper
I

ix
!X
|X
l

HERBACEOUS
Athyrium filix femina
Aquiiegia formosa
Blechnum spicant
Cardamine anguiata
Circaea aipina
Claytonia sibirica
Coptis aspienifolia
Cornus canadensis
Dryopteris austriaca
Epilobium angustifolium
Equisetum arvense
Galium trifidum
Gymnocarpium dryopteris
Heracleum lanatum
Listera cordata
Maianthemum dilatatum
Oenanthe sarmentosa
Osmorhiza chilensis
Polypodium glycyrrhiza
Polystichum munitum
Prenanthes alata
Rubus pedatus
Streptopus amplexifolius
Steptopus roseus
Thelypteris phegopteris
Tiarella trifoliata
Tolmiea menziesii
Viola glabella
Veratrum viride

TOTAL

iX
1x
!X
X
:

IX
1

:X
!X
l

Presence in second-growth

X

iX
IX
IX
•

X(4)
X(4)
X(4)
X(4)

;
1
IX
X

1

IX

x
X
!x
1X
;
|X
1
'
X

IX
:X
ix

X
X

:x

X
X
:X

x

X
X
X
X

X

|X
1

;

:X
'

X
X

IX

1
|X

1

9
i

ATFI
AQFO
BLSP
CAAN
CIAL
CLSI
COAS
COCA
:DRAU
EPAN
EQAR
GATR
GYDR
HELA
LICO

Maybesc» Tye
t

1
1IX

':X

TOTAL
!

V

i

7

7 AVG 7.5

.

:X

X

|X

1
iX

X
X

X
^x

i
;

ii x
|X
1
!
:
i

.X

i1 X

X

!X
ix
iIX

X

!
1X
1X

:

X
X

X

ix

i

MADI
OESA
OSCH
'POGL'"
"POMU
X
PRAL
RUPE
STAM" X
STRO
~ THPH* "x
TITR
X
TOME
X
VIGL
X
VEVT

X(2)
X(3)
X(3)
X(4)
X(3)
X(3)
X(l)
X(4)
X(2)
X(4)

iX
IX
|X

X
X
X

X
X

X(4)
X(l)
X(l)
X(l)

i

X(2)

X

X

X(2)
X(2)
X(2)

!

!X
X

X(4)
X(l)
X(l)
X(l)
X(4)
X(l)
X(l)
X(2)
X(4)
X(l)

:X

X
X
X

X
X
X

X
X
X

X
X
X
X
X
X

X(l)
X(3)

X(2)
X(4)

X(2)
X(4)
X(4)

X(4)
X(l)

10

20

16

14 AVG 15
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Appendix 2: Species presence/absence list con't: OLD-GROWTH SITES
Numbers indicate the number of old-growth sites which contain that species
!
!
r
i
;
SPECIES '
CODE
Fubar
Pass
Trocadero Three tenths Old-growth Presence
TREES
1
,
!
.
,
Ainus rubra
ALRU
X
X(4)
!X
X
X
Picea sitchensis
!PIS!
X
'X
X
X(4)
X
Thuja piicata
THPL
X
iX
X
X
X(4)
Tsuga helerophylla
iX
TSHE
X
•X
X
X(4)
!
.
1
i
SHRUBS :
Amicus dioicus
Lysichiton americanum
Menziesia ferruginea
Optopanax horridus
Ribes bracteosum
Rtbes laxiflorum
Rubus parviflorus
Rubus spectabtiis
Sambucus racemosa
Vaccinium
TOTAL 1
i
HERBACEOUS
Athyrium filix femina
Aquilegia formosa
Blechnum spicant
Cardamine anguiata
Circaea alpina
Clay tenia sibirica
Coptis asplenifoiia
Cornus canadensis
Dryopteris austriaca
Epiiobium angustifolium
Equisetum arvense
Galium trifidum
Gymnocarpium dryopteris
Heracleum lanatum
Listera cordata
Maianthemum dilatatum
Genanthe sarmentosa
Osmorhiza chilensis
Polypodium glycyrrhiza
Polystichum munitum
Prenanthes alata
Rubus pedatus
Streptopus amplexifolius
Steptopus roseus
Thelyptens phegopteris
Tiarella trifoiiata
Toimiea menziesii
Viola glabella
Veratrum viride

TOTAL

ARDI
LYAM
MEFE
!OPHO
iRIBR

X

X
X
X
X

X

X

X

X(l)
X(4)
X(l)
X(4)

X
X

.

'

RllA

iRUPA
RUSP
SARA
VACC

i

j
X
X
X

X

"'DRAU

X

X

X

4

X

X
X
X

X

X
X
X

6

X

X

X(4)
X(l)
X(2)

Y

X

X

X(4)

"x"

X
X
X

X
X
X

X
iX
X

X(4)
X(4)
X(4)

X

X

X

X
X

X(2)
X(4)

EPAN
EQAR
GATR

GYDR

HELA
LICO
MADI
OESA
OSCH

POOL
POMU

'PRAL"
RUPE
STAM"
STRO
THPH
TITR
TOME

VIGL
VEVL

X(4)
X(l)
X(4)
4 AVG4.75

X
i

5

ATFl
AQFO
BLSP
CAAN
CIAL
CLSl
COAS
COCA

X

~

X(l)

X

X

X
X

"x
^x
X
X
X
X
X
X
" X

'

X
X
X
X

~"x

X
X
X
X

X
X
*X '
X
X

.. X

^x "

"^x "

X
X
~
Y- " X
X
'^20*
'"16

15

"

X(2)
X(l)
X(l)
X(4)
X(4)
"""" X(4)
X(4)
X(3)
X(4)
X(3)
X(4)
X(l)
14 AVC 16.25
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Appendix 2: Species presence/absence list con't; OLD-GROWTH SITES
Numbers indicate the number of old-growth sites which contain that species
T •"
I

—

SPECIES
TREES
;
AInus rubra
Picea sitchensis
Thuja plicata
Tsuga helerophylla

1

1

CODE

Fubar

• Pass

ALRU
PIS!
THPL
TSHE

X
X
X
X

:x

X

X

.

i

•X
X
X

y

Trocadero Three tenths
.
X
X
X
X
X
X
X
X

Old-growth Presence

X
X
X
X

X(l)
X(4)
X(l)
X(4)

X(4)
X(4)
X(4)
X(4)

1

SHRUBS
Amicus dioicus
Lysichiton americanum
Menziesta ferruginea
Opiopanax horrid us
Ribes bracteosum
Ribes iaxiflcrum
Rubus parviflorus
Rubus spectabilis
Sambucus racemosa
Vaccinium
TOTAL j

ARDI
LYAM
MEFE
:OPHO
jRIBR
RILA
RUPA
RUSP
SARA
VACC

X

X

X
X

'

-

X

X
X
X

X

X

X

X

5

X
6

4

X(4)
X(l)
X(4)
4 AVG4.75

i

HERBACEOUS
Athyrium fitix femina
Aquilegia formosa
Blechnum spicant
Cardamine angulata
Circaea alptna
Clay tenia sibirica
Coptis asplenifoiia
Cornus canadensis
Dryopteris austriaca
Epiiobium angustifolium
Equisetum arvense
Galium trifidum
Gymnocarpium dryopteris
Heracleum lanatum
Listera cordata
Maianthemum diiatatum
Oenanthe sarmentosa
Osmorhiza chilensis
Polypodium glycyrrhiza
Polystichum munitum
Prenanthes aiata
Rubus pedatus
Streptopus amplexifoiius
Steptopus roseus
Thelypteris phegoptehs
Tiarella trifoliatj
Tolmiea menziesii
Viola glabella
Veratrum viride
TOTAL

,ATFI
AQFO
BLSP
CAAN
ClAL
CLSI
COAS"
COCA

X
X
X

X

X

X

X
X

X
X
X

X

X

X(4)
X(l)
X(2)

X

X

"x(4r

X
X
X

x"

x(4r"*"

X
X

X(4)
X(4)

X

X

X

X(2)
X(4)

X

"DRAU'"x"

"

EPAN

"EQAR
GATR
GYDR
HELA
LICO
MADI
OESA
OSCH
POOL
POMU
PRAL
RUPE *"
STAM
STRO
THPH
TITR "
TOME

X '
X ""

x""

X(l)

X

X

X
X
X
X" "
X
X
X
X
X' """

X
x"—
x
X

_ _

VEVl
20

X"

X
X
x"
*x
X

"x
X
X
X

v'lGL * ~ X

X
X

X
X

16

X
X
X '
X
15

X(2)
X(l)
X(l)
X(4)
X(4)
X(4)
X(4)
X(3)
X(4)
X(3)
X(4)
X(l)
14 AVC 16.25
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